Europaisches Patentamt 
Qjjj) European Pat nt Office 

Office eur p£en des brevets 




© Publication number 



0 347 903 

A2 



EUROPEAN PATENT APPLICATION 



© Application number: 89111368.0 


. nf rn. HOiL 11/20 H04Q 11/00 . 
int. L/i. * nv f tu i i/^w j ■ ivtx* ■ ■/ w 9 


H04B 9/00 


© Date of filing: 22.06.89 




© Priority: 23.06.88 JP 156126/88 


(jy Applicant: NEC CORPORATION 


33-1, Shiba 5-chome, Mlnato-ku 


© Date of publication of application: 


Tokyo 108(JP) 


27.12.89 Bulletin 89/52 


© Inventor: Suzuki, Syuji c/o NEC Corporation 




® Designated Contracting States: 


33-1, Shiba 5-chome 


DE FR GB SE 


Mlnato-ku Tokyo(JP) 




inventor Suzuki, Hlroshi c/o NEC Corporation 




33-1, Shiba 5-chome 




Mlnato-ku Tokyo(JP) 




© Representative: Vosslus & Partner 




Siebertstrasse 4 P.O. Box 86 07 67 




D-8000 MUnchen 86<DE) 



0 High-speed optical packet switching system using optical buffer between incoming and outgoing 
channels. 



© In an optical packet switching system, a plurality 
of first wavelength tunable devices (13) are con- 
nected respectively to incoming line terminals. In 
response to an incoming signal at the associated 
incoming line terminal, each of the first wavelength 
tunable devices generate an optical packet of a 
particular wavelength determined by a first 
wavelength selection signal supplied from a control- 
ler (14). In one embodiment, packets from the first 
wavelength tunable devices are switched through 
one or more paths set up by an optical space 
division switch (15) to one of a plurality of optical 
Wbuffers (16). Second wavelength tunable devices (17) 
2 are respectively coupled to the outputs of the optical 
buffers for detecting a packet of a desired 
£jj wavelength in response to a second wavelength se- 
lection signal from the controller (14) and applying 
th detected packet to one of outgoing line termi- 
®nals. Each of the optical buffers is made up of an 
0^opti caf coupler having parallel waveguides one of 
UJ which is disposed in the signal transmission path, 
the other being disposed in an optical loop for recir- 
culating a packet. 
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High-Speed Optical Packet Switching System Using Optical Buffer Between Incoming and Outgoing 

Channels 



The present invention relates to an optical 
packet switching system capable of operating at a 
super high switching speed in the range from sev- 
eral hundred megabits per second to several 
gigabits per second. 

The following documents are available as prior 
art super high speed packet switching systems: 

Document 1. "Application of Self-Routing 
Switches to LATA Fiber Optic Networks" Chet Day 
et ai. (ISSS '87) 

Document 2. "Asynchronous Time-Division 
Switching: The way to flexible broadband commu- 
nication networks" P. Gonet et ai. (Zurich Seminar 
'86) 

Document 3. "New Directions in Commu- 
nications" J. S. Turner (Zurich Seminar f 86) 

Document 4. "A Photonic Knockout Switch 
for High-Speed Packet Networks" Kai Y. Eng- 
(GLOBCOM'87) 

Documents 1 to 3 disclose systems in which 
pack t switching is hardware-implemented using 
parallel processors to permit switching of high 
speed muliplexed packet signals at speeds of 100 
to 300 megabits per second which is carried by 
each circuit served by the system. 

However, these switching systems employ 
electronics technology and therefore have inher- 
ently limited switching speeds, switching capacity 
and power consumption, thus failing to provide 
compatibility with the increasing transmission 
speed of optica) transmission mediums. Thus, the 
prior art techniques are almost incapable of meet- 
ing the need for serving many circuits with a speed 
of several gigabits if the electronic technology is 
pursued in the development of high speed switch- 
ing. 

On the other hand, document 4 proposes the 
use of photonic technology for implementing pack- 
et switching. The use of photonic technology in 
circuit switching system has already been pro- 
posed. Also proposed is the use of wavelength 
division multiplexing technology for implementing a 
compact space division switching network. The use 
of wavelength division multiplexing technology is 
also proposed by document 4 as a means for 
transferring packets from input ports to output ports 
to implement high speed packet switching. 

How ver, in packet switching systems, buffers 
are required to store packets contending for the 
same output port in addition to the transfer func- 
tion. The buffers employed in the system proposed 
in document 4 are of electronics type, thus requir- 
ing translation between optical and electrical sig- 



nals. As a result, the amount of energy dissipated 
by the electronic buffers is substantial and the 
electronic operating speed of the buffers has an 
. inherent limit which prevents the servicing of many 
5 circuits that carry packets of more than 1 gigabits 
per second. 

It is therefore an object of the present invention 
to provide a a packet switching system with the 
use of optical buffers, rather than by the use of 

10 electronic buffers to overcome the power consump- 
tion and speed limitations problems. 

According to the broadcast aspect of the 
present invention, an optical packet switching sys- 
tem comprises a wavelength, selection stage re- 

75 sponsive to destination of an incoming packet for 
selecting a wavelength parameter from a plurality 
of wavelength parameters. The wavelength selec- 
tion stage includes a first wavelength tunable de- 
vice for converting the incoming packet to an op- 

20 tical packet having a wavelength corresponding to 
the selected wavelength parameter and multiplex- 
ing a plurality of such optical packets to generate a 
wavelength and time division multiplexed (WTDM) 
signal in response to receipt of a plurality of such 

25 incoming packets. An optical buffer is provided for 
storing the WTDM signal. A wavelength detection 
stage is responsive to destinations of incoming 
packets for rearranging a plurality of the selected 
wavelength parameters. The wavelength detection 

30 stage includes a second wavelength tunable device 
for detecting optical packets corresponding to the 
incoming packets from the stored WTDM signal in 
accordance with the rearranged wavelength param- 
eters. 

35 According to a first specific aspect of the 

present invention, an optical packet switching sys- 
tem comprises a plurality of first wavelength tun- 
able devices connected respectively to incoming 
line terminals for supplying an optical packet of a 

40 selected wavelength to an optical space division 
switch in response to a first wavelength selection 
signal. A plurality of optical buffers are connected 
respectively to output ports of the optical space 
division switch for storing wavelength division mui- 

45 tipiexed packets. The space division switch estab- 
lishes one or more paths from outputs of the first 
wavelength tunable devices to inputs of the optical 
buffers in response to a path selection signal. A 
plurality of second wavelength tunable devices are 

so connected respectively between outputs of the op- 
tical buffers and outgoing line terminals. Each of 
the second wavelength tunable devices is capable 
of detecting an optical packet of a desired 
wavelength from the stored wavelength division 



2 



V 



EP 0 347 903 A2 



multiplexed pack ts, the wavelength of the de- 
tected optical packet being determined by a sec- 
ond wav length selection signal. A controller is 
provided for generating the first and second 
wavelength selection signals and th path s lection 
signal in accordance with a destination address 
contained in the incoming signal. 

According to a second specific aspect, the 
optical packet switching system of this invention 
comprises a plurality of first wavelength tunable 
devices associated respectively with incoming line 
terminals' for generating an optical packet of a 
selected wavelength in response to receipt of an 
incoming signal at the incoming line terminals, the 
desired wavelength being determined by a first 
wavelength selection signal. A plurality of optical 
buffers are respectively connected to outputs of the 
first wavelength tunable devices for storing 
wavelength division multiplexed packets. A plurality 
of second wavelength tunable devices connected 
respectively to outputs of the optical buffers for 
detecting an optical packet of a desired wavelength 
from the stored wavelength division multiplexed 
packets, the wavelength of the detected optical 
packet being determined by a second wavelength 
selection signal. An optical space division switch 
establishes one or more paths from outputs of the 
second wavelength tunable devices to the outgoing 
line terminals in response to a path selection sig- 
nal. A controller generates the first and second 
wavelength selection signals and the path selection 
signal m accordance with a destination address 
contained in the incoming signal. 

According to a third specific aspect, the optical 
packet switching system of the present invention 
compnses a plurality of first wavelength tunable 
devices associated respectively with the incoming 
line terminals for generating an optical packet of a 
selected wavelength in response to receipt of an 
incoming signal at the incoming line terminals, the 
desired wavelength being determined by a first 
wavelength selection signal. The output packets 
from the first wavelength tunable devices are com- 
bined to produce a wavelength multiplexed signal 
and applied to an optical buffer in which the 
wavelength division multiplexed packets are stored 
The output of the optical buffer is split into a 
plurality of optical paths which are coupled to re- 
spectively to a plurality of second wavelength tun- 
able devices. Each of the second wavelength tun- 
able devices detects a packet of a desired 
wavelength from the stored wavelength division 
multiplexed packets in response to a second 
wavelength selection signal and supplies a replica 
of the detected packet to outgoing line terminals. 

Preferably, the optical buffer comprises an op- 
tical coupler having first and second optically coup- 
led waveguid s. the first waveguide being con- 



nected at one end thereof to the optical space 
division switch and connected at the other end 
thereof to the input of an associated one of the 
second wavelength tunable devices. An optical loop 

s is connected between opposite ends of the second 
waveguide to permit copies of a packet travelling 
through the first waveguide to be coupled to and 
recirculate through the loop and appear at the other 
end of the first waveguide. 

io The present invention will be described in fur- 
ther detail with reference to the accompanying 
drawings, in which: 

Fig. 1 is a block diagram of an optical packet 
switching system according to a first embodiment 

is of the present invention; 

^ Fig. 2 shows details of the controller of Fig. 

Fig. 3 is a timing diagram associated with 
the first embodiment: 
20 R 9- 4 is a block diagram of an optical packet 

switching system according to a second embodi- 
ment of the present invention; 

Fig. 5 shows details of the controller of Fig. 

25 R 9- 6 is a timing diagram associated with 

the second embodiment; 

Fig. 7 is a block diagram of an optical packet 
switching system according to a third embodiment 
of the present invention; 

30 Fig. 8 shows details of the controller of Fia 

7; and y * 

Fig. 9 is a timing diagram associated with 
the third embodiment. 



35 Referring now to Rg. 1, there is shown an 

optical packet switching system according to a first 
embodiment of the present invention. The system 
comprises a plurality of incoming channels and a 
plurality of outgoing channels. For purposes of 
<«> simplicity, only two incoming channels IC1 and IC2 
and two outgoing channels OG1 and OG2 are 
shown. Each of the incoming channels includes a 
header reading circuit 12 and a wavelength tunable 
eiectrooptic converter 13. Header reading circuit 12 
45 is connected to an incoming line terminal 11 to 
read the header field of each incoming packet of 
the length equal to or smaller than a time slot 
period. The incoming packet is an electrical signal 
and arrives at the incoming line terminal 11 in 
so synchronism with the slot timing of the system. 
Control data contained in the header of each in- 
coming packet is supplied from each header read- 
ing circuit 12 to a controller 14 and information 
data contained In the rest of the pack t is supplied 
55 to the associated wavelength tunabl eiectrooptic 
conv rter 13 where the electrical packet signal is 
converted to an optical packet of a wavelength 
determined by a wav length selection signal sup- 
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plied from th controller 14. Details of the elec- 
frooptic convener, 13 are described in "An Op- 
rSctro.c Packet "—J, « 

rs^iSm . ded 

S optical space division switch 15 is provided 
to estabTsh optica, paths between incoming chan- 
nels and outgoing channels in accordance w,th 
• nath selection signals from the controller 14. 
P Eacro^goTng channel comprises an optical 
buffS 16 a wavelength tunable optoeectric 
converter 17 As will be described in detail later 
X buffer 16 of each outgoing channel 
torms a queueing toop to allow packets to be 
edrculated through it and extracted from an ap- 
propriate time s.ot. The wavelength tunable , o p- 
Sctric converter 17 of each outgoing channe 
provides the extraction of packet of . > parhcular 
wavelength from the associated optical buffer 16 i m 
accordance with a wavelength selector, signal from 
J 6 controller 14 and converts the optica packe 
signal to a corresponding electncal signal for ap 
pSon to an outgoing line terminal 18. Detoils oj 
£e wavelength tunable optoelectnc cor^rters17 
are also described in the GLOBCOM '88 document 
just referred to above. 

As illustrated in Hg. 1A. each of the optK^ 
butters 16-1 and 16-2 is compnsed by an optical 

S has first and second parallel waveguides 20a 
and Sb which extend respectively from first and 
Scond input ports 20c. 20d of the coupler 20 to 
S^and second output ports 20e. 20f thereof The 

S input port 20c is connected to e 
output terminal of the optical switch 15 i to pass 
optical packets from the switch 15 trough the first 
waveguide 20a to the first output port 20d and 
Tence to the associated wavelength tunable op- 
Sectric converter 17. Optica, fiber 21 is coupled 
between the second output port 20t to the second 
fncTport 20e to form an optica, queueing , loop 
wSh the second waveguide 20b to 
intearal multiple of the time slot period. Optical 
couptg between the first and second waveguides 
Sa and 20b causes a portion of the energy of ^a 
packet traveling through the first waveguide to be 
transferred to the second waveguide and recir 
Slate through the loop 21 and repeatedly appear 
* So first output port 20d with a stepwise* re- 
optica. Intensity. The rate of the ,n ensity 
reduction is determined by the couplmg ra*o be- 
tween the first and second wav «^* ^e 
20b. « the coupling ratio is 1:1. one-half of the 
enemy of a packet traveling through one of the 
guides -.transferred to the other and n, > copy 
of the packet successively appear at the first out 
put port 20d with on -half of the intensity of one 
pr ceding it 



F,g. 2 is block diagram of the controller 14 of. 
fig. ^Controller 14 includes a header analyzer J» 
connected to the header readng 
12 -2 of all incoming channels IC1 and IC2 : to exam 
a ne the destination address contained .n the header 
extracted from each incoming packet and deter- 
rntaeto which one of the outgoing channels OG1 
aToG2 the packet is destined. « the outgoing 

channe. OG1 is the *^ r ^'J5£ 

,n analyzer 30 activates an output line 38-1 whrcn w 
'° SnneSed to a wavelength assignment contro e 
31. a switch controller 32 and a switch 34 of a 
packet scheduling circuit 33. f^J^ 
packet is destined to the other channel, t activates 
, 5 an output line 38-2 which is connected o a sw,tch 
36 of the scheduling circuit 33 as well as to the 

controllers 31 and 32. 

Wavelength assignment controller 31 has a 
wavelength management table which is mapped to 
* Sord th'e busy/Idle status of wavelengths ; avaito e 
for the outgoing channels OG1 and OG2-" 
signs an idle wavelength to an incoming packet 
aS updates the wavelength management tabU* 
Waving* assignment controller Jji app hes a 
25 wavelength selection signal "VJ^J^ 
signed wavelength to the one of *e w ^ 
tunable eiectrooptic converters 
which the packet header is rece " e £ r f ™"nd 
from the input side of the optical W^ 1 *^. 
, fi , th _ eaiection signal s a "wavelength write in 
30 2i.?5!?S*S. the appropriate eiectrooptic 
cSrter 13 so that it converts the incoming elec- 
S packet signal to an optical packet signal hav- 
ing the same wavelength as determined by the 

buffers 16-1 and 16-2. producing a series of cop es 
oTtte packet which appear at the input of the 
associated one of the wavelength tunable optoe.ec- 

" T;ZZZTZ% of scheduling -c- 
receive wavelength selection signals from tne 
con". J 31 .or selectively coupling to firsHn-^ 
St buffers 35 and 37 depending on the logic 
states of lines 38-1 and 38-2. Specifically, the 
50 waSength write-in signals X, applied to either o 
The switches 34 and 36 is switched to buffer 35 
when the outgoing channel OG1 is the destination 
^neTand'wit^ed to buffer 37 if Jh. .outgoing 
« channel OG2 is th destination channel. In this 
55 Tay Cerent wavelength contro. 

form a queue in each of the buffers 35 and 37in 
accordance with th order of arrival of the asso 
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dated packets and in accordance with their des- 
tinations. The write-in signals stored in buffers 35 
and 37 are respectively forwarded in sequence to 
wavelength tunable O/E converters 17-1 and 17-2 
as "wavelength read-out" signals Xo to read optical 
packets of appropriate wavelengths out of the asso- 
ciated buffers. 

The operation of the first embodiment of the 
invention can best be understood with reference to 
Fig. 3. Assume that incoming packets P1. P3 and 
P5 arrived respectively on time slots T1, T2 and T4 
at incoming line terminal 11-1 and packets P2 and 
P4 arrived respectively on time slots T1 and T2 at 
incoming line terminal 11-2. and all of these pack- 
ets are destined to the outgoing channel OG1. It is 
further assumed that wavelength assignment con- 
troller 31 has assigned Xt.X2.X3 and X* to packets 
P1, P2, P3 and P4, respectively* and Xt to packet 
P5. Wavelength tunable E/O converter 13-1 thus 
converts the incoming packets PI, P3 and P5 to 
optical packets of wavelengths X1, X3 and Xi t re- 
spectively, and wavelength tunable E/O converter 
13-2 converts the packets P2 and P4 to optical 
packets of wavelengths X2 and X*. respectively. 
The header analyzer 30 of controller 14 supplies a 
logic 1 to output line 38-1 and a logic-0 to output 
line 38-2 so that space division switch 15 estab- 
lishes paths from the E/O converters 13-1 and 13-2 
to optical buffer 16-1. and the switches 34 and 36 
of scheduling circuit 33 are switched to apply the 
wavelength control signals from both outputs of 
controller 31 to buffer 35. 

At the output of optical buffer 16-1, there ap- 
pear a plurality of series of packets of four 
wavelengths Xi, X 2 . X3 and X* as shown in Fig. 3. 
The wavelength Xi series contains copies of the 
packet P1 incident on buffer 16- 1 that appear on 
time slots T1 to T5 and copies of the incident 
packet P5 that appear on time slots T4 and T5. 
The first copy of P1 of wavelength Xi on time slot 
T1 has one-half the intensity of the incident packet 
P1. and the second to fifth copies of Pi of Xi on 
time slots T2, T3, T4 and T5 respectively have 
intensities 1/4. 1/8, 1/16 and 1/32 of that of the 
incident packet Pi. The intensity of the first copy 
of P5 of Xi on time slot T4 has one-half the 
incident intensity, but much higher than that of the 
fourth copy of P1 of x t and the intensity of the 
second copy of P5 of Xi on time slot T5 has 1/4 of 
that of the incident intensity, but much higher than 
the intensity of the fifth copy of Pi. 

The wavelength x 2 series contains copies of 
the incident packet P2 that appear on time slots T1 
through T5 with intensity characteristics identical to 
those of the copies of packet P1. The wavelength 
X3 series contains copies of packet P3 that appear 
on time slots T2 to T5 and likewis , the wavelength 
X* series contains copies of packet P4 that appear 



on time slots T2 to T5. 

Wavelength selection signals Xi, X2, Xa, X* and 
Xt are sequentially stored into the first to fifth time 
slot positions of buffer 35 and sequentially forwar- 

5 ded to tunable 0/E converter 17-1 as shown in Rg. 
3. As a result packets P1 of Xi , P2 of X2, P3 of Xs, 
P4 of Xi and P5 of Xi are selected by the con- 
verter 17-1 in sequence on time slots T1 to T5. 
respectively, and converted to electrical packet sig- 

10 nals and appropriately amplified so that they have 
equal amplitudes at outgoing line terminal 18-1. 

A second embodiment of the present invention 
is shown in Fig. 4. In this embodiment, each of the 
incoming channels IC1 and IC2 comprises a head- 

rs er reading circuit 112, a wavelength tunable E/O 
converter 113, an optical buffer 114 and a tunable 
wavelength filter 115, and each of the outgoing 
channels OG1 and OG2 includes an optoelectric 
converter 118. Header reading circuit 112 is con- 

20 nected to an incoming line terminal 1 1 1 to read the 
header field of each electrical incoming packet 
arriving thereat in synchronism with the slot timing 
of the system. Control data in the packet header is 
supplied from each header reading circuit 112 to a 

25 controller 116 and information data of the packet is 
supplied to the associated wavelength tunable elec- 
trooptic converter 113 where the electrical packet 
signal is converted to an optical packet of a 
wavelength determined by a "wavelength write-in" 

30 signal supplied from the controller 116. 

Optical buffer 114 of each incoming channel is 
identical to those shown in Fig. 1 . A packet queue- 
ing loop is formed by each buffer 114 to allow 
packets to be recirculated through it and extracted 

35 from an appropriate time slot by the tunable 
wavelength filter 115 connected to it in response to 
a "wavelength read-out M signal from the controller 
116. 

An optical space division switch 117 estab- 

40 lishes optical paths between incoming channels 
and outgoing channels in accordance with path 
selection signals supplied from the controller 116. 

Each of the outgoing channels OG1 and OG2 
comprises an electrooptic converter 118 for con- 

45 verting switched optical packets to corresponding 
electrical signals for application to an outgoing lin 
terminal 119. 

As shown in detail in Rg. 5, the controller 116 
comprises a header analyzer 130. a wavelength 

50 assignment controller 131. a switch controller 132 
and a packet scheduling circuit 133. Packet sched- 
uling circuit 133 includes buffers 134 and 135 
connected to the outputs of header analyzer 130, 
buffers 136 and 137 connected to the outputs of 

55 wavelength assignment controller 131, and a colli- 
sion controller 138. The outputs of buffers 134 and 
135 are coupled to the switch controller 132 and 
those of buffers 136 and 137 are respectively 
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coupled to wavelength filters 115-1 and 115-2. 
Buffers 134 and 135 are respectively associated 
with incoming channels IC1 and IC2 for storing OG 
identifiers supplied from header analyzer 130 and 
buffers 136 and 137 are associated respectively 
with incoming channels IC1 and IC2 for storing 
wavelength read-out signals supplied from 
wavelength assignment controller 131. 

Header analyzer 130 examines the destination 
address contained in the packet header extracted 
from an incoming packet on each incoming chan- 
nel and determines to which one of the outgoing 
channels OG1 and OG2 the packet is destined. 

Wavelength assignment controller 131 deter- 
mines which one of the incoming line terminals a 
given incoming packet has arrived at and maps the 
busy/idle status of wavelengths available for the 
incoming channels IC1 and IC2 in a table and 
assigns an idle wavelength to that given incoming 
packet A wavelength write-in signal Xj representa- 
tive of the assigned wavelength is generated by the 
controller 131 and applied to one of the wavelength 
tunable electrooptic converters 113-1 and 113-2 to 
which the given packet is applied from the incom- 
ing line terminal. 

If the header of a given packet is supplied from 
packet reading circuit 112-1 and the outgoing chan- 
nel OG1 is the destination channel of the given 
packet for example, header analyzer 130 supplies 
an OG1 identifier to buffer 134 and wavelength 
assignment controller 131 supplies a wavelength 
write-in signal to E/O converter 113-1 and buffer 
136. 

Collision controller 138 is connected to buffers 
134 and 135 to detect if there is more than one OG 
identifier in the same time slot position. This in- 
dicates that there is more than one packet contend- 
ing for the same outgoing channel. If this Is the 
case, controller 138 selects one of OG identifiers 
and forwards it to the switch controller 132 and 
forwards a wavelength read-out signal from one of 
buffers 136 and 137 that corresponds to the OG 
identifier forwarded to the switch controller 132. 

The operation of the second embodiment of 
the invention can best be understood with refer- 
ence to Fig. 6. Assume that incoming packets P1, 
P3 and P5 arrived respectively on time slots T1 , T2 
and T4 at incoming line terminal 111-1 and packets 
P2 and P4 arrived respectively on time siots T1 
and T2 at incoming line terminal 111-2. and all of 
.these packets are destined to the outgoing channel 
OG1. It is further assumed that wavelength assign- 
ment controller 131 has assigned Xi to P1, X2 to 
P2. X 2 to P3, x 2 to P4 and Xi to P5. Wavelength 
tunable E/O converter 113-1 thus converts the in- 
coming packets P1, P3 and P5 to optical pack ts 
of wavelengths X t( X2 and Xi, respectively, and 
wavelength tunable E/O converter 113-2 converts 



the packets P2 and P4 to optical packets of the 
same wavelength x 2 . 

At the output of each of optical buffers 114-1 
and 114-2, there appear two of series of packets of 

5 four wavelengths Xi and X 2 as shown in Fig. 6. The 
wavelength Xi series at the output of optical buffer 
114-1 contains copies of the packet P1 incident on 
buffer 114-1 that appear on time slots T1 to T5 and 
copies of the incident packet P5 that appear on 

10 time slots T4 and T5. The first copy of P1 of 
wavelength Xi on time slot T1 has one-half the 
intensity of the incident packet P1 , and the second 
to fifth copies of P1 of Xi on time slots T2, T3, T4 
and T5 respectively have intensities 1/4, 1/8, 1/16 

75 and 1/32 of that of the incident packet P1. The 
intensity of the first copy of P5 of Xi on time slot 
T4 has one-half the incident intensity, but much 
higher than that of the fourth copy of P1 of Xi and 
the intensity of the second copy of P5 of Xi on 

20 time slot T5 has 1/4 of that of the incident intensity, 
but much higher than the intensity of the fifth copy 
of P1. The wavelength X 2 series at the output of 
optical buffer 114-1 contains copies of the incident 
packet P3 that appear on time slots T2 through T5 

25 with intensity characteristics identical to those of 
the copies of packet P1. 

On the other hand, the wavelength Xi series at 
the output of optical buffer 114-2 contains copies of 
packet P2 that appear on time slots T1 to T5 and. 

30 likewise, the wavelength X2 series contains copies 
of packet P4 that appear on time slots T2 to T5. 

As shown in Fig. 5. outgoing channel identifiers 
OGl are stored in the first, second and fourth time 
slot positions of buffer 134 and in the first and 

as second time slot positions of buffer 135. On the 
other hand, wavelength selection signals Xi , X2 and 
Xi are respectively stored in the first, second and 
fourth time slot positions of buffer 136 and 
wavelength selection signals X2 are stored in the 

40 first and second time slot positions of buffer 137. 

Since the first and second time slot positions of 
buffers 134 and 135 are filled with the same out- 
going channel identifiers, collision controller 138 
detects that packets P1 and P2 are contending for 

45 the same outgoing channel and packets P3 and P4 
are contending for the same outgoing channel, and 
forwards the identifier OG1 for packet P1 from the 
first time slot position of buffer 134 first, and then 
the other contending identifier for packet P2 from 

so the first slot position of buffer 135. Subsequently, it 
forwards the identifier OG1 for packet P3 from the 
second time slot position of buffer 134 and then 
the other contending identifier for packet P4 from 
the second time slot position of buffer 135. Mean- 

55 while, the wavel ngth selection signals stored in 
buffers 136 and 137 ar supplied to wavelength 
fitters 115-1 and 115-2 corresponding to those 
stored in buffers 134 and 135. 

6 
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On sequentially receiving the outgoing channel 
identifiers, the switch controller 132 controls the 
optical space division switch 117 to establish op- 
tical paths from the outputs of wavelength filters 
115-1 and 115-2 to the input of O/E converter 118- 
1. 

As a result, packets P1 of Xi, P3 of x 2 , and P5 
of Xi are selected by wavelength filter 115-1 on 
time slots T1 , T2 and T5, respectively, and packets 
P2 of Xi and P4 of X 2 are selected by wavelength 
filter 115-2 on time slot T2 and T4, respectively, 
and multiplexed at the input of O/E converter 118- 
1. Electrical packet signals P1(Xi) f P2(Xi), P3(X 2 ), 
P4(X 2 ) and P5(\i) of equal amplitudes are gen- 
erated by O/E converter 118-1 for application to 
outgoing line terminal 119-1. 

Fig. 7 is a block diagram of a third embodi- 
ment of the present invention in which two incom- 
ing channels IC1, IC2 and two outgoing channels 
0G1 and OG2 are also provided as in the previous 
embodiments. Each of the incoming channels in- 
cludes a header reading circuit 212 and a 
wavelength tunable electrooptic converter 213 and, 
each outgoing channel includes a wavelength tun- 
able optoelectric converter 218. Optical packet sig- 
nals of different wavelengths are supplied from 
wavelength tunable E/O converters 213-1 and 213- 
2 and multiplexed by an optica! combiner 215 and 
supplied to a common optical buffer 216 of iden- 
tical construction to those described in the previous 
embodiments. The output of the common buffer 

216 is split into two signals by an optical splitter 

217 and supplied respectively to wavelength tun- 
able O/E converters 218-1 and 219-2. 

Controller 214 receives packet headers from 
header reading circuits 212-1 and 212-2 and sup- 
plies wavelength write-in signals to E/O converters 
213-1 and 213-2 and wavelength read-out signals 
to O/E converters 218-1 and 218-2 in accordance 
with the destination addresses contained in the 
packet headers. 

As shown in Fig. 8, controller 214 includes a 
header analyzer 230, a wavelength assignment 
controller 231 and a packet scheduling circuit 232. 
Header analyzer 230 operates in the same manner 
as header analyzer 30 of the first embodiment. 
Wavelength assignment controller 231 has a 
wavelength management table which is mapped to 
record the busy/idle status of wavelengths com- 
monly available for both the incoming and outgoing 
channels and assigns an idle wavelength to an 
incoming packet and applies a wavelength write-in 
signal Xi to switches 233 and 235 of packet sched- 
uling circuit 232 as well as to wavelength tunable 
electrooptic conv rters 213-1 and 213-2. Switches 
233 and 235 operate in the same manner as the 
switches 34 and 36 of the first embodiment to store 
the way length s lection signals into buffers 234 



and 236. 

The operation of the third embodiment of the 
invention will be described with reference to Fig. 9. 
As in Fig. 3, it is also assumed that that incoming 

5 packets P1 , P3 and P5 arrived respectively on time 
slots T1, T2 and T4 at incoming line terminal 211-1 
and packets P2 and P4 arrived respectively on 
time slots T1 and T2 at incoming line terminals 
211-2, and all of these packets are destined to the 

to outgoing channel OQ1, and wavelength assignment 
controller 231 has assigned X t to P1 , X 2 to P2, X 3 
to P3, X* to P4 and Xi to P5. Wavelength tunable 
E/O converter 213-1 thus converts the incoming 
packets P1, P3 and P5 to optical packets of 

T5 wavelengths Xi t X 3 and Xi, respectively, and 
wavelength tunable E/O converter 213-2 converts 
the packets P2 and P4 to optical packets of 
wavelengths X 2 and X*. respectively. 

Series of packets of wavelengths Xi, X 2t x 3 and 

20 X* appear at the output of the common optical 
buffer 216 as shown in Fig. 9. The wavelength Xi 
series contains copies of incident packet P1 on 
time slots T1 to T5 and copies of the incident 
packet P5 on time slots T4 and T5. As in the first 

26 embodiment, the first to fifth copies of Pi of Xi 
respectively have intensities 1/2 to 1/32 of that of 
the incident packet P1. The intensity of the first 
copy of P5 of Xi on T4 has one-half the incident 
intensity, but much higher than that of the fourth 

30 copy of P1 of Xi and the intensity of the second 
copy of P5 of Xi on T5 has 1/4 of that of the 
incident intensity, but much higher than the inten- 
sity of the fifth copy of P1. The wavelength x 2 
series contains copies of the incident packet P2 on 

35 T1 through T5, the wavelength Xa series containing 
copies of packet P3 on T2 to T5 and the 
wavelength X4 series containing copies of packet 
P4 on T2 to T5. 

Wavelength selection signals Xi, X 2 , X 3l X4 and 

40 Xi are sequentially stored into the first to fifth time 
slot positions of buffer 234 and sequentially forwar- 
ded to tunable O/E converter 218-1 as shown in 
Fig. 8. As a result, packets P1 of X:, P2 of X 2 , P3 
of Xs, P4 of X4 and P5 of Xi are selected by the 

45 converter 218-1 in sequence from time slots T1 to 
T5 at the input thereof and converted to electrical 
packet signals and appropriately amplified so that 
they have equal amplitudes at outgoing line termi- 
nal 219-1. 

50 The foregoing description shows only preferred 

embodiments of the present invention. Various 
modifications are apparent to those skilled in th 
art without departing from the scope of the present 
invention which is only limited by the append d 

ss claims. Therefore, the embodiments shown and 
described are only illustrative, not restrictive. 
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Claims 

1 . An optical packet switching system compris- * 

ing: 

a wavelength selection stage responsive to destina- 
tion of an incoming packet for selecting a 
wavelength parameter from a plurality of 
wavelength parameters, said wavelength selection 
stage including a wavelength tunable device for 
converting said incoming packet to an optical pack- 
et having a wavelength corresponding to said se- 
lected wavelength parameter and multiplexing a 
plurality of such optical packets to generate a 
wavelength and time division multiplexed (WTDM) 
signal in response to receipt of a plurality of said 
incoming packets; 

an optical buffer for storing said WTDM signal; and 
a wavelength detection stage responsive to des- 
tinations of incoming packets for rearranging a plu- 
rality of said selected wavelength parameters, said 
wavelength detection stage including a wavelength 
tunable device for detecting optical packets cor- 
responding to said incoming packets from said 
stored WTDM signal in accordance with the rear- 
ranged wavelength parameters. 

2. An optical packet switching system as 
claimed in claim 1, wherein said optical buffer 
comprises: 

an optical coupler having first and second optically 
coupled waveguides, said first waveguide being 
adapted to receive said WTDM signal; and 
an optical loop connected between opposite ends 
of said second waveguide to permit portion of said 
WTDM signal travelling through said first 
waveguide to be coupled to and recirculate through 
said loop and appear at the other end of said first 
waveguide, said optical loop introducing a delay 
time of an integral multiple of the unit length of 
said packet. 

3. An optical packet switching system compris- 
ing: 

a plurality of incoming line terminals and a plurality 
of outgoing line terminals; 

a plurality of first wavelength tunable devices asso- 
ciated respectively with said incoming line termi- 
nals for generating an optical packet of a selected 
wavelength in response to receipt of an incoming 
signal at said incoming Tine terminals, said desired 
wavelength being determined by a first wavelength 
selection signal; 

an optical space division switch having input ports 
connected respectively to outputs of said first 
wavel ngth tunable devices for establishing one or 
more optical paths from said input ports to one of a 
plurality of output ports in response to a path 
selection signal; 

a plurality of optical buffers connected r spectiveiy 
to said output ports of said optical space division 



switch for storing wavelength division multiplexed 
packets; 

a plurality of second wavelength tunable devices 
connected respectively to outputs of said optical 

5 buffers for detecting an optical packet of a desired 
wavelength from the stored wavelength multiplexed 
packets in accordance with a second wavelength 
selection signal and supplying the detected packet 
to said outgoing line terminals; and 

io control means for generating said first and second 
wavelength selection signals and said path selec- 
tion signal in accordance with a destination address 
contained in said incoming signal. 

4. An optical packet switching system as 

is claimed in claim 3, wherein each of said optical 
buffers comprises: 

an optical coupler having first and second optically 
coupled waveguides, said first waveguide being 
connected at one end thereof to said optical space 

20 division switch and connected at the other end 
thereof to the input of an associated one of said 
second wavelength tunable devices; and 
an optical loop connected between opposite ends 
of said second waveguide to permit copies of a 

25 packet travelling through said first waveguide to 
recirculate through said loop and appear at said 
other end of said first waveguide, said optical loop 
introducing a delay time of an integral multiple of 
' the unit length of said packet. 

30 5. An optical packet switching system as 

claimed in claim 3 or 4, wherein said control means 
comprises: 

means for detecting said destination address from 
said incoming signal and determining which one of 
35 said outgoing line terminals the incoming signal is 
destined to; 

means for selecting a particular wavelength param- 
eter from a plurality of wavelength parameters in 
accordance with the determined outgoing line ter- 
40 minal and generating said first wavelength selection 
signal representative of said selected wavelength 
parameter; 

means for determining a path in said space division 
switch in accordance with said detected destination 

45 address and generating said path selection signal 
representative of said determined path; 
a plurality of buffer means associated respectively 
with said second wavelength tunable devices; and 
means for storing said first wavelength selection 

so signal into one of said buffer means depending on 
the determined outgoing line terminal and forward- 
ing the stored first wavelength selection signal to 
the associated second wavelength tunable devices 
as said second wav length selection signal. 

55 6. An optical packet switching system compris- 

ing: 

a plurality of incoming line terminals and a plurality 
of outgoing line terminals; 
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a plurality of first wavelength tunable devices asso- 
ciated respectively with said incoming line termi- 
nals for generating an optical packet of a selected 
wavelength in response to receipt of an incoming 
signal at said incoming fine terminals, said desired 
wavelength being determined by a first wavelength 
selection signal; 

a plurality of optical buffers respectively connected 
to outputs of said first wavelength tunable devices 
for storing wavelength division multiplexed packets; 
a plurality of second wavelength tunable devices 
connected respectively to outputs of said optical 
buffers for detecting an optical packet of a desired 
wavelength from said stored wavelength division 
multiplexed packets, the wavelength of said de- 
tected optical packet being determined by a sec- 
ond wavelength selection signal; 
an optical space division switch for establishing 
one or more optical paths from outputs of said 
second wavelength tunable devices to said out- 
going line terminals in response to a path selection 
signal; and 

control means for generating said first and second 
wavelength selection signals and said path selec- 
tion signal in accordance with a destination address 
contained in said incoming signal. 

7. An optical packet switching system as 
claimed in claim 6, wherein each of said optical 
buffers comprises: 

an optical coupler having first and second optically 
coupled waveguides, said first waveguide being 
connected at one end thereof to the output of an 
associated one of said first wavelength tunable 
devices and connected at the other end thereof to 
the input of an associated one of said second 
wavelength tunable devices; and 
an optical loop connected between opposite ends 
of said second waveguide to permit copies of a 
packet travelling through said fust waveguide to be 
coupled to and recirculate through said loop and 
appear at said other end of said first waveguide, 
said optical loop introducing a delay time of an 
integral multiple of the unit length of said packet. 

8. An optical packet switching system as 
claimed in claim 6 or 7, wherein said control means 
comprises: 

means for detecting said destination address from 
each of said incoming signal and determining 
which one of said outgoing line terminals the in- 
coming signal is destined to; 
means for determining which one of said incoming 
line terminals the incoming signal has arrived at 
and selecting a particular wavelength parameter 
from a plurality of wavelength parameters in accor- 
dance with the determined incoming line terminal 
and generating said first wavelength selection sig- 
nal representative of said selected wavelength pa- 
rameter; 



a plurality of first buffer means for storing a signal 
identifying the determin d outgoing fine terminal; 
a plurality of second buffer means respectively 
associated with said second wavelength tunable 
s devices for storing said first wavelength selection 
signal in a position corresponding to a position of 
said first buffer means in which said identifying 
signal is stored; 

means for detecting that two or more of said iden- 
/o tifying signals are stored in corresponding positions 
of said first buffer means and selecting one of said 
identifying signals and forwarding said first 
wavelength selection signal as said second 
wavelength selection signal to the associated sec- 
75 ond wavelength tunable device from a position of 
said second buffer means corresponding to the 
position of said first buffer means in which said 
selected identifying signal is stored; and 
means for determining a path in said space division 
20 switch in response to said selected identifying sig- 
nal and generating said path selection signal repre- 
sentative of the determined path. 

9. An optical packet switching system compris- 
ing: 

25 a plurality of incoming line terminals and a plurality 
of outgoing line terminals; 

a plurality of first wavelength tunable devices asso- 
ciated respectively with said Incoming line termi- 
nals for generating an optical packet of a selected 
30 wavelength in response to receipt of an incoming 
signal at sard incoming line terminals, said desired 
wavelength being determined by a first wavelength 
selection signal; 

means for combining output packets from said first 
35 wavelength tunable devices to produce a 
wavelength division multiplexed packets; 
an optical buffer for storing said wavelength di- 
vision multiplexed packets; 

means for splitting the output of said optical buffer 

40 into a plurality of optical paths; 

a plurality of second wavelength tunable devices 
connected respectively to said optical paths for 
detecting a packet of a desired wavelength from 
the stored wavelength division multiplexed packets 

45 and supplying said detected packet to said out- 
going line terminals, the wavelength of said de- 
tected packet being determined by a second 
wavelength selection signal; and 
control means for generating said first and second 

50 wavelength selection signals and said path selec- 
tion signal in accordance with a destination address 
contained in said incoming signal. 

10. An optical packet switching system as 
claimed in claim 9, wherein said optical buffer 

56 comprises: 

an optical coupler having first and second optically 
coupled waveguides, said first waveguide being 
conn cted at one end thereof to the output of said 
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combining m ans and connected at th other end 
th reof to the input of said splitting means; and 
an optical loop connected between opposite ends 
of said second waveguide to permit copies of a 
packet travelling through said first waveguide to be s 
coupled to and recirculate through said loop and 
appear at said other end of said first waveguide, 
said optical loop introducing a delay time of an 
int gral multiple of the unit length of said packet. 

11. An optical packet switching system as to 
claim d in claim 9, or 10, wherein said control 
means comprises: 

means for detecting said destination address from 
said incoming signal and determining which one of 
said outgoing line terminals the incoming signal is 75 
d stined to; 

m ans for selecting a wavelength parameter from a 
plurality of wavelength parameters and generating 
said first wavelength selection signal representative 
of said selected wavelength parameter; 20 
a plurality of buffer means associated respectively 
with said second wavelength tunable devices; and 
means for storing said first wavelength selection 
signal into one of said buffer means depending on 
th determined outgoing line terminal and forward- 25 
ing the stored signal to the associated second 
wavelength tunable devices as said second 
wavelength selection signal. 

3Q 



35 



40 



45 



50 



55 



EP 0 347 903 A2 



O 





EP 0 347 903 A2 



CM 



8 




t£ 3: O — 



EP 0 347 903 A2 



FIG. 3 



INCOMING 

PACKETS 

AT TERM. 11-1 

INCOMING 

PACKETS 

AT TERM. 11-2 



OUTPUT 
OFE/O 
13-1 



OUTPUT 
OFE/O 
13-2 



OUTPUT 
OF 

BUFFER 
16-1 



XI 



X2 



X3 



X4 



PACKETS 
SELECTED 
BYE/O 17-1 



OUTGOING 
PACKETS 
AT TERM. 18-1 



T1 

no. 



eizl 



XI 

pi 



X2 
P2 



PI 



P2 



PI XI 
J— 



PI XI 



T2 



ran 



X3 
P3 



X4 
P4 



r?rn 



ran 



P3 



PA 



P2X2 

L±2 



P2X2 



T3 



PI 



I r I 



P3X3 



P3X3 



T4 



XI 
P5 



PS 



PI 



r 



P2 



P4X4 
J— 



P4X4 



T5 



PS 



rl 



L 



P2 



P3 



PA 



P5 XI 

I±=L 



P5 XI 



BNSOOOD <EP (XM7903A? I > 



EP 0 347 903 A2 



CM 

t 

Os 



8-1 



2 _L 



CM 

Ha 
o 



Uj 3 


» 


^< Zi LU 


ii 


vr r i 



CD 



CM 
t 



lis 



si 



CM 
i 



OS 



§ as 

i2u 



CM 



^5o 



Uj ^ ^ 



1 3 



CM 

CM 



Sf 5§ =3 



o 

ss 

§ 



EP 0 347 903 A2 




SiSu — 



BNSDOCID <EP 03479O3A2 l > 



EP 0 347 903 A2 



INCOMING 
PACKETS AT 
TERM. 111-1 

INCOMING 
PACKETS AT 
TERM. 111-2 



OUTPUT 
OFE/O 
113-1 



OUTPUT 
OFE/O 
113-2 



OUTPUT 
OF 

BUFFER 
114-1 



OUTPUT 
OF 

BUFFER 
114-2 



XI 



X2 



XI 



X2 



OUTPUT OF 

FILTER 

115-1 

OUTPUT OF 

FILTER 

115-2 



OUTGOING 
PACKETS 
AT TERM. 
119-1 



FIG. 6 



T1 

VTi I 



XI 

PI 



X2 
P2 



PI 



P2 



PI XI 



PI XI 



T2 



X2 
P3 



X2 
P4 



PI 



P3 



r«~i 



P4 



PI XI 

£±=1 



P2X1 



T3 



PI 



P2 



P3X2 



P3X2 



T4 



XI 
PS 



PS 



PI 



P3. 



P2 



P4X2 



T5 



PI 

P3 



P2 



r 



P4 



P5 XI 



P4X2 



P5 XI 



EP 0347 903 A2 




,212-1 


HEADER 
READING - 
CIRCUIT 




2 


^ ^ 






X Be U 



-J 



3 



CM 



CM 



CM 



BKSOOC1D <FP 0347ttO3A? I > 



EP 0 347 903 A2 



oc 

Uj 

—J 
— I 

1 

o 
u 




^(5 {2 
if a: O cm cm 



EP 0 347 903 A2 



FIG. 9 



INCOMING 
PACKETS AT 
TERM. 211-1 

INCOMING 
PACKETS AT 
TERM. 211-2 



OUTPUT 
OFE/O 
213-1 



OUTPUT 
OFE/O 
213-2 



OUTPUT 
OF 

BUFFER 
216 



XI 



X2 



X3 



X4 



PACKETS 
SELECTED 
BY E/O 218-1 



OUTGOING 
PACKETS AT 
TERM. 219-1 



T1 



rs~i 



XI 

pi 



X2 
P2 



PI 



P2 



PI XI 
J— 



PI XI 



T2 



rs~i 



X3 
P3 



X4 
P4 



rpm 



P3 



P4 



P2X2 

S±=L 



P2X2 



T3 



PI 



jL 



P2 



P3 



P3X3 
J— 



P3 X3 



T4 



XI 
PS 



.PS 



PI 



P2 



[ ( I 



J 



P4X4 
J— 



P4X4 



T5 



rPS 



P2 



JL 



P3 



r 



PA 



P5 XI 
-1 



P5 XI 



BNSOOCID <EP 0347903A2 I > 



?• 



I' 

V- 



r 



iiinwiiiiiiiiiiii 

© Publication number: 0 347 903 A3 



© EUROPEAN PATENT APPLICATION 



© Application number: 89111368.0 © Int. CIA H04L 11/20, H04Q 1 1/00, 

H04B 9/00 

© Date of filing: 22.06.89 



© Priority: 23.06.88 JP 156126/88 


© Applicant: NEC CORPORATION 




7-1, Shiba 5-chome Minato-ku 


© Date of publication of application: 


Tokyo 1 08-01 (JP) 


27.12.89 Bulletin 89/52 


© Inventor: Suzuki, SyuJI c/o NEC Corporation 




© Designated Contracting States: 


33-1, Shiba 5-chome 


DE FR GB SE 


Minato-ku Tokyo(JP) 




Inventor: Suzuki, Hiroshi c/o NEC Corporation 


® Date of deferred publication of the search report: 


33-1, Shiba 5-chome 


11.09.91 Bulletin 91/37 


Minato-ku Tokyo(JP) 




© Representative: Vosslus & Partner 




Siebertstrasse 4 P.O. Box 86 07 67 




W-8000 Munchen 86(DE) 




Europaisches Patentamt 
European Patent Office 
Office europe n des brev ts 



© High-speed optical packet switching system using optical buffer between incoming and outgoing 
channels. 



CO 
< 

CO 

o 
o> 

CO 



Q. 

114 



© In an optical packet switching system, a plurality 
of first wavelength tunable devices (13) are con- 
nected respectively to incoming line terminals. In 
response to an incoming signal at the associated 
incoming line terminal, each of the first wavelength 
tunable devices generate an optical packet of a 
particular wavelength determined by a first 
wavelength selection signal supplied from a control- 
ler (14). In one embodiment, packets from the first 
wavelength tunable devices are switched through 
one or more paths set up by an optical space 
division switch (15) to one of a plurality of optical 



buffers (16). Second wavelength tunable devices (17) 
are respectively coupled to the outputs of the optical 
buffers for detecting a packet of a desired 
wavelength in response to a second wavelength se- 
lection signal from the controller (14) and applying 
the detected packet to one of outgoing line termi- 
nals. Each of the optical buffers is made up of an 
optical coupler having parallel waveguides one of 
which is disposed in the signal transmission path, 
the other being disposed in an optical loop for recir- 
culating a packet. 
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